Abstract. On October 2006, during an episode of abnormally warm weather, the African moth Cornifrons ulceratalis (Lederer, 1858) was captured simultaneously for the first time in several sites in north-eastern Spain, the Balearic Islands and southern France. A deep depression situated over the Atlantic at the time gave rise to warm south-westerly winds, accompanied by suspended dust, that blew towards the north-western Mediterranean Basin. Back trajectories of air masses at two different altitudinal levels indicate that the moths most probably originated from an area located in Morocco and northern Algeria, where C. ulceratalis can be extremely abundant. With winter approaching, this invasion of a typically non-migratory species into the north-western Mediterranean Basin provides a good example of the so-called "pied piper" phenomenon, by which wind-borne insects may be carried into areas unfavourable for survival or reproduction. However, because climate change may make the establishment of this and other African species more likely in the future, we suggest that monitoring of this process may become an essential issue in the coming years.
INTRODUCTION
Long-distance wind-borne movements are known for a wide range of insect taxa, including nocturnal moths (Johnson, 1969; Mikkola, 1986; Drake & Farrow, 1988; Gatehouse, 1997) . Strong evidence for the occurrence of this phenomenon in migrant Lepidoptera was provided by early entomologists using synoptic weather maps and the back-tracking of air masses that satisfactorily explained the appearance of species of African and Asian origin in northern Europe (e.g. Kettlewell & Heard, 1961; Mikkola, 1967; French, 1969) . The development of entomological radars, in conjunction with conventional and aerial trapping data, has further confirmed that the wind-borne transport of moths occurs at high altitudes (Reynolds & Riley, 1997; Chapman et al., 2002 Chapman et al., , 2008 Westbrook, 2008) .
Although some seasonal migrants take advantage of prevailing air currents for successfully exploiting temporary breeding habitats (Johnson, 1995; Pedgley et al., 1995; Chapman et al., 2008) , wind-borne transport also implies the risk that it may lead insects into areas unfavourable for survival or reproduction (the so-called "pied piper" phenomenon: McNeil, 1987) . In Europe this happens fairly frequently during the autumn (Bretherton, 1983) , when occasional spells of warm African winds are associated with otherwise abnormal records of subtropical moths (e.g. Brown, 1996) . This "pied piper" phenomenon is much more evident when non-recognized migrant species that clearly have evolved no mechanisms for facilitating return migrations appear outside their normal distribution ranges (see also Walker, 1980) . In October 2006, while trapping moths in the Spanish Pyrenees during two consecutive and unusually warm nights, we captured several individuals of the crambid Cornifrons ulceratalis (Lederer, 1858) (Fig. 1) . Although this moth occurs throughout northern Africa, the Canary Islands, some of the Mediterranean islands and Iran (Goater, 2005) , it has only quite exceptionally been recorded in southern Europe, where it is not known as a migrant species. On the same days as our captures in the Pyrenees, other specimens were recorded in the Balearic Islands and southern France (Geniez et al., 2007; Honey et al., 2007; Marney & Marney, 2007) . These captures coincided with high levels of Saharan dust in suspension over Mallorca, which led Honey et al. (2007) to suggest that they were the result of a migration. Here we provide an overview of the invasion of C. ulceratalis into the north-western Mediterranean Basin and investigate its possible association with winds originating from synoptic-scale systems over Africa. We confirm Honey's et al. (2007) suggestion and back-track the air masses at two different altitudinal levels to identify the probable source areas of this migratory influx. Draxler & Rolph, 2003) . A height of 500 m, corresponding to 1,000 hPa standard pressure level, was selected because previous data from vertical-looking radars indicate that the maximum transport of migrant insects over Europe occurs approximately at this level (Chapman et al., 2003) . A height of 1,500 m a.s.l., roughly corresponding to the 850 hPa standard pressure level, was also selected as being representative for transport in the lower troposphere since a relationship between the 850 hPa wind direction and the prevailing weather patterns associated with the passage of cyclonic waves is well established (Dayan & Lamb, 2003) .
MATERIAL AND METHODS

Light
We also present here the meteorological scenarios responsible for the synoptic-scale wind system associated with the arrival of the moths. Weather charts from the NOAA showing mean pressure at sea-level and the geopotential height at 850 hPa and 700 hPa were used.
RESULTS AND DISCUSSION
The most remarkable captures made during the two nights of moth-trapping were two (27 October) and seven (28 October) specimens of C. ulceratalis, the first records of the species from Catalonia. Although this moth is listed by Agenjo (1966) (Lederer, 1858) October and sent a flux of south-westerly winds towards the western Mediterranean (Fig. 2) . As a result of this meteorological situation, on the afternoon of 24 October and on subsequent days, the eastern Iberian coast, the south of France and the Balearic Islands were affected by the invasion of warm air accompanied by suspended dust originating in north Africa [ Fig. 3 ; for more details see also the data provided by the Dust Regional Atmospheric Model -DREAM -(http://www.bsc.es/projects/ earthscience/DREAM)]. In fact, episodes of African winds in the north-western Mediterranean basin have been found to occur rather frequently, at a rate of 13 episodes per year (Escudero et al., 2005) . Studies based on the chemical composition of African dust have identified the regions of the western Sahara and Tunisia as the main source areas for the dust deposited in north-eastern Spain (Àvila et al., 2007) .
The spell of warm weather on October 2006 coincided with the first records of C. ulceratalis in several western Mediterranean areas (Table 1) . Interestingly, high numbers of other African moths [e.g. Spodoptera cilium (Gn.), Earias insulana (Bdv.), Utethesia pulchella (L.), Spoladea recurvalis (Fabr.) and Nomophila noctuella (L.)] were also trapped by Honey et al. (2007) on the nights of 24-28 October.
All these facts strongly suggest that C. ulceratalis and other subtropical moths were blown by winds originating in Africa into the northern Mediterranean during this meteorological episode. Although no precise information on the flying heights of moths is currently available, an indirect estimation comes from data provided by DREAM, which indicates that the maximum levels of dust concentration were attained at 1,000-2,000 m (Fig.  4) . Such an altitudinal range is perfectly plausible in light of the aerial collections that have confirmed moth migration occurring at elevations of up to 2,350 m (Westbrook, 2008) . Table 1 ).
Back trajectories indicate that the moths most probably originated from an area located in Morocco and northern Algeria (Fig. 5) . C. ulceratalis can be extremely abundant in this area, and Dumont (1929) described how the sheer size of the swarms attracted to lights made the air difficult to breathe. Although C. ulceratalis is considered as a non-migratory species, the large numbers that reached the western Mediterranean in October 2006 indicate that, under some conditions (e.g. when large densities are attained or when the weather is unusually warm), part of the population may behave in a migratory way and engage in ascending flights (e.g. Chapman et al., 2008; Westbrook, 2008) before getting caught up in highaltitude airstreams. In any case, we consider that this invasion provides a clear example of the so-called "pied piper" phenomenon.
There are at least two reasons to believe why the chances that these moths arriving in the western Mediterranean would establish a population were negligible. Firstly, this desert species would be unable to survive the extremely cold winter temperatures; and secondly, the host plants commonly used in Africa [e.g. the crucifer Henophyton deserti and the Pedaliaceae Sesamum indicum (sesame); Dumont, 1929] are not present in this area. However, the sporadic appearances of genuine African species in Europe and, especially, in the northern Mediterranean Basin, are expected to become more common in the future in the context of warming climate (e.g. Sparks et al., 2007) . Not only will insect wind-borne transport be facilitated under future climate change scenarios, but associated temperature increases will make it more likely that populations of such species will eventually establish themselves by adapting to local hosts and potentially reaching pest levels in new areas (Cannon, 1998) . Therefore, the monitoring of this process will become an essential issue over the coming years. 
